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Background: Little information is available on the relationship between case volume and the outcomes of
elderly patients with bleeding peptic ulcers. This study investigated the effect of case volume on the
outcomes of elderly patients with bleeding peptic ulcers, based on a national administrative database.
Methods: In total, 14,569 elderly patients (i.e.,  80 years old) treated by endoscopic hemostasis for
bleeding peptic ulcers were referred to 1073 hospitals from 2010 to 2012 in Japan. We compared in-
hospital mortality (30-day and overall), length of hospital stay (LOS), and medical costs in relation to
case volume. A hospital was categorized as a low-volume hospital (i.e., < 5 cases/y), a medium-volume
hospital (i.e., 5e9 cases/y), or a high-volume hospital (HVH) (i.e., > 9 cases/y).
Results: Multiple logistic regression revealed that HVHs did not have lower in-hospital mortality rates,
compared to low- or medium-volume hospitals [for 30-day mortality: the odds ratio (OR) was 0.97 with
a 95% conﬁdence interval (CI) of 0.76e1.24; p ¼ 0.831; for overall mortality: OR, 0.86; 95% CI, 0.70e1.07;
p ¼ 0.197]. However, multiple linear regression showed that HVHs had signiﬁcantly shorter LOS and
lower medical costs. The coefﬁcient for LOS was 5.02 days (95% CI, from 6.04 days to 4.01 days;
p < 0.001), whereas the coefﬁcient for LOS for medical costs was 1393.00 United States dollar (US$; 95%
CI, from 1793.30 to 992.70 US$; p < 0.001).
Conclusion: This study demonstrated that a higher case volume was signiﬁcantly associated with shorter
LOS and lower medical costs among elderly patients with bleeding peptic ulcers. However, there was no
signiﬁcant effect of case volume on mortality in Japan.
Copyright © 2016, Taiwan Society of Geriatric Emergency & Critical Care Medicine. Published by Elsevier
Taiwan LLC. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).1. Introduction
Hemorrhagic peptic ulcer is one of the most frequently
encountered emergency conditions in daily practice1. The overall
incidence of hemorrhagic peptic ulcers has decreased worldwide,
although the overall incidence in elderly patients remains high2,3.
Loperﬁdo et al2 reported that the mean age of patients with acutere that they have no conﬂicts
ity of Occupational and Envi-
ine and Community Health,
takyushu, Fukuoka 807-8555
rata).
tric Emergency & Critical Care Med
es/by-nc-nd/4.0/).upper gastrointestinal bleeding had signiﬁcantly increased from
1983e1985 to 2002e2004 in the United States. In a retrospective
study in Norway, Bakkevold3 reported that the incidence of hem-
orrhagic peptic ulcers was signiﬁcantly higher in elderly patients
than in younger patients. Because of the high incidence of hemor-
rhagic peptic ulcers in elderly patients and the rapid acceleration in
the growth of the aging population, it is expected that many gas-
troenterologists or endoscopists will encounter more elderly pa-
tients with hemorrhagic peptic ulcers.
Hospital volume is a major factor that inﬂuences the outcomes of
various endoscopic treatments such as endoscopic retrograde chol-
angiopancreatography or endoscopic submucosal dissection4e6. The
presence of experienced endoscopists most strongly seems to inﬂu-
ence this volumeeoutcome relationship. Some previous studies
suggest that hospitalswith large casevolumes aremore likely tohaveicine. Published by Elsevier Taiwan LLC. This is an open access article under the CC
Effect of Hospital Volume on Elderly Patients 7experienced endoscopists who are able to provide sufﬁcient treat-
ment, which contributes signiﬁcantly to fewer complications or a
shorter length of hospital stay (LOS)4e6. Therefore, it is reasonable to
presume that higher-volume hospitals signiﬁcantly contribute to the
outcomes of patients who require endoscopic treatments.
However, little information is available on the relationship be-
tween hospital volume and the outcomes of hemorrhagic peptic
ulcer treatment. In particular, the focus of this study on elderly
patients clearly shows the effect of hospital volume because the
outcomes of elderly patients have remained signiﬁcantly worse
than those of younger patients. In addition, the establishment of
the effect of hospital volume on the outcomes of elderly patients
with hemorrhagic peptic ulcers could contribute to future studies
and have implications for the quality of medical care of elderly
patients. Therefore, in this study, we investigated the effect of
hospital volume on the clinical and medical economic outcomes of
elderly patients with hemorrhagic peptic ulcers. We used the na-
tional administrative database developed in a Japanese case-mix
system project called the Diagnosis Procedure Combination (DPC).
2. Materials and methods
2.1. Administrative database associated with the DPC system
The DPC database has been described in detail elsewhere4e6.
This database collects important information during a patient's
hospitalization. It includes the patient's ﬁnancial data, claim in-
formation, and discharge summary (e.g., the principal diagnosis,
complications, and comorbidities). The data are coded using the
International Classiﬁcation of Diseases and Injuries, 10th revision
(ICD-10) code. In addition, the DPC database contains compre-
hensive medical information such as all interventional or surgical
procedures, the amount of daily care delivered, and medications
that have been indexed in the original Japanese code.4e6 All codes
are assigned by the Ministry of Health, Labour andWelfare of Japan
(Tokyo, Japan)4,6.
2.2. Study setting
Information from 120,242 patients with peptic ulcers (i.e., ICD-
10 codes K25 and K26) was collected using the DPC administra-
tive database for 2010, 2011, and 2012.We excluded 60,497 patients
who did not undergo endoscopic hemostasis for hemorrhagic
peptic ulcers. We also excluded 45,176 patients younger than
80 years because this study aimed to investigate the effect of hos-
pital volume on the treatment outcomes of elderly patients with
hemorrhagic peptic ulcers. (Elderly patients have been deﬁned as
individuals 80 years or older in previous studies7,8.) Therefore,
14,569 elderly Japanese patients who had undergone endoscopic
hemostasis for hemorrhagic peptic ulcers were allocated for anal-
ysis. The 14,569 patients were referred to 1073 DPC-participating
hospitals (83 academic hospitals and 990 community hospitals).
These hospitals are dispersed throughout Japan and have leading
roles in providing acute care medicine, advancing medical research,
and educating students and medical residents4,6.
The use of DPC data was permitted by all institutions and hos-
pitals that provided detailed data. The research protocol of the
study was approved by the Ethics Committee of Medical Care and
Research of the University of Occupational and Environmental
Health, Kitakyushu, Japan.
2.3. Study variables
Study variables were the type of hemorrhagic peptic ulcer; age;
sex; chronic comorbid conditions; use of ambulance transportationand the intensive care unit; other treatments for hemorrhagic
peptic ulcers such as transfusions or surgery; hospital type, size,
and region; proportion of hospitals with an emergency center; in-
hospital mortality; LOS; and medical costs during hospitalization.
Age was stratiﬁed as follows: 80e89 years and  90 years. The
severity of chronic comorbid conditions was assessed using the
Charlson Comorbidity Index (CCI), which is widely used to record
comorbidities and has been validated in various studies4,6. The CCI
was calculated for each patient as in previous studies, which
showed an association between the CCI and the ICD-10 code. The
CCI was expressed as the score of all comorbid conditions and was
initially evaluated as a continuous variable. However, categorical
variables, which constituted four severity categories of chronic
comorbid conditions, were created to simplify the presentation of
the results: 0, “none”; 1, “mild”; 2, “moderate”; and  3, “severe.”
Hospital type was classiﬁed as “academic” or “community.” Hos-
pital size was categorized into three groups, according to the
number of hospital beds: small (i.e., < 200 beds), medium (i.e.,
200e600 beds), and large (i.e., > 600 beds). The analysis of medical
costs incurred during hospitalization was based on the exchange
rate (in December 2014) of approximately 100 yen to 1 United
States dollar (US$).2.4. Main outcome measures and statistical analysis
The main measure of interest in this investigation was hospital
volume. Hospital volume was expressed as the number of cases
during the study period, and was initially evaluated as a continuous
variable. However, categorical variables that deﬁned the three
hospital volume categories were created to simplify the presenta-
tion of the results: low-volume hospitals (LVHs) had fewer than ﬁve
cases per year (n ¼ 4526), medium-volume hospitals (MVHs) had
from ﬁve to nine cases per year (n ¼ 5062), and high-volume
hospitals (HVHs) had more than nine cases per year (n ¼ 4981).
The range of the volume categories seems to be more closely set
than in previous reports because of the small sample size and the
numerous participating hospitals. However, the volume categories
were based on cutoffs that yielded roughly equivalent numbers of
patients in each volume category, as described in previous
studies4,6. Therefore, the validity and reliability of this prospective
cohort study has been reasonably assured.
To evaluate statistical signiﬁcance, we used the Chi-square test
for categorical data and one-way factorial analysis of variance for
continuous variables. We used multiple logistic regression models
to estimate the odds ratios (ORs) and their 95% conﬁdence intervals
(CIs) for in-hospital mortality (i.e., 30-day and overall). The LVH
group was the reference group. To control for selection bias with
regard to the baseline characteristics of the patients among the
hospital volumes, we performed generalized propensity score
analysis to estimate the doseeresponse function for each hospital
volume.We used amultinomial logistic regressionmodel with logit
as the link function to obtain generalized propensity scores using
the data of patient characteristics. We developed two propensity
score models between hospital volumes: LVHs versus MVHs and
LVHs versus HVHs. The propensity scores were categorized into
deciles, as reported previously in the literature9. Multiple linear
regression models were also used to identify the impact of the ef-
fect of hospital volume on LOS and medical costs during hospital-
ization with regard to the hospital characteristics and propensity
scores.
All statistical analyses were performed using the STATA statis-
tical software package, version 11.0 (Stata Corporation, College
Station, TX, USA). A p value < 0.05 was considered statistically
signiﬁcant.
Table 2
Multiple logistic regression analysis on mortality within 30 days and overall
mortality.
Odds ratioa 95% CI p
Mortality within 30 days
LVH Reference
MVH 0.90 0.73e1.12 0.368
HVH 0.97 0.76e1.24 0.831
Overall mortality
LVH Reference
MVH 0.91 0.76e1.09 0.330
HVH 0.86 0.70e1.07 0.197
CI ¼ conﬁdence interval; HVH ¼ high-volume hospitals; LVH ¼ low-volume hos-
pital; MVH ¼ medium-volume hospital.
a Odds ratios is adjusted for the propensity score and the hospital characteristics.
A. Murata et al.83. Results
In total, 14,569 patients treated by endoscopic hemostasis for
hemorrhagic peptic ulcers were identiﬁed for this study, and
comprised 4526 patients at LVHs (684 hospitals), 5062 patients at
MVHs (259 hospitals), and 4981 patients at HVHs (130 hospitals).
The clinical characteristics and presentations of the patients and
hospitals are shown in Table 1. The frequency of the use of an
ambulance was statistically higher in HVHs than in LVHs andMVHs
(58.3% vs.46.8% vs.53.1%, respectively, p < 0.001), whereas the fre-
quency for patients who received transfusions was lower in HVHs
than in LVHs and MVHs (21.6% vs. 22.1% vs. 18.7%, respectively,
p < 0.001). With regard to hospital characteristics, the ratios of
large hospitals and hospitals with an emergency center were
signiﬁcantly higher in HVHs (p < 0.001).
The comparisons of outcomes among hospital volumes are
presented in Table 2. There were no signiﬁcant differences in 30-
day in-hospital mortality between LVHs, MVHs, and HVHs (4.2%
vs. 3.8% vs. 3.9%, respectively, p ¼ 0.678). The HVHs had a lower
overall in-hospital mortality than the LVHs and MVHs, but this
difference was not signiﬁcant (5.0% vs. 6.1% vs. 5.5%, respectively,
p ¼ 0.071). However, signiﬁcant differences in the mean LOS and
medical costs during hospitalization were observed between the
HVHs, MVHs, and LVHs (21.2 days vs. 18.3 days vs. 15.7 days,
respectively, and US$10,038.50 vs. US$9467.80 vs. US$9003.70,
respectively, p < 0.001).Table 1
Characteristics of the patients and hospitals.
LVH
(n ¼ 4526)
Patients' characteristics
Type of hemorrhagic ulcer (%)
Gastric ulcer 81.8
Duodenal ulcer 18.2
Age categories (%)
80e89 y 84.1
90 y 15.9
Sex (%)
Male 48.3
Female 51.7
Chronic comorbid conditions (%)
None 50.4
Mild 24.4
Moderate 16.0
Severe 9.2
Use of ambulance (%) 46.8
Use of intensive care unit (%) 3.1
Other treatments for peptic ulcer (%)
Transfusion 21.6
Surgery 0.1
Hospital characteristics
Hospital type (%)
Academic hospitals 7.9
Community hospitals 92.1
Hospital size (%)
Small hospital 22.1
Medium hospital 66.0
Large hospital 11.9
Hospital region (%)
Rural region 39.6
Urban region 60.4
Emergency center (%)
Hospitals without emergency center 86.8
Hospitals with emergency center 13.2
Patient outcomes
Mortality within 30 days (%) 4.2
Overall mortality (%) 6.1
Mean length of stay (d) 21.2
Mean medical costs (US$) 10038.50
HVH ¼ high-volume hospitals; LVH ¼ low-volume hospital; MVH ¼ medium-volume hoThe results of logistic regression analysis for in-hospital mor-
tality are shown in Table 2. After adjusting for patient and hospital
characteristics, no signiﬁcant association was observed for 30-day
in-hospital mortality (for MVHs: OR, 0.90; 95% CI, 0.73e1.12;
p ¼ 0.368; and for HVHs: OR, 0.97; 95% CI, 0.76e1.24; p ¼ 0.831).
Multiple logistic regression also showed no signiﬁcant difference in
the overall in-hospital mortality (for MVHs: OR, 0.91; 95% CI,
0.76e1.09; p ¼ 0.330; and for HVHs: OR, 0.86; 95% CI, 0.70e1.07;
p ¼ 0.197).
After adjusting for potentially confounding clinical variables,
there was a consistently signiﬁcant association between hospitalMVH HVH p
(n ¼ 5062) (n ¼ 4981)
80.5 80.4 0.170
19.5 19.6
84.0 82.7 0.126
16.0 17.3
48.6 48.8 0.890
51.4 51.2
51.7 52.9 0.126
22.7 23.4
16.3 15.1
9.3 8.6
53.1 58.3 <0.001
3.5 4.5 0.001
22.1 18.7 <0.001
0.1 0.3 0.123
7.0 3.5 <0.001
93.0 96.5
8.6 0.0 <0.001
70.3 65.5
21.1 34.5
37.8 40.4 0.021
62.2 59.6
70.2 48.2 <0.001
29.8 51.8
3.8 3.9 0.678
5.5 5.0 0.071
18.3 15.7 <0.001
9467.80 9003.70 <0.001
spital; US ¼ United States.
Effect of Hospital Volume on Elderly Patients 9volume and LOS. The coefﬁcient for MVHs was 2.46 days (95% CI,
from 3.37 days to 1.55 days; p < 0.001), whereas the coefﬁcient
for HVHs was 5.02 days (95% CI, from 6.04 days to 4.01 days;
p < 0.001). Multiple regression analysis also showed that hospital
volume was signiﬁcantly associated with lower medical costs
during hospitalization in elderly patients with hemorrhagic peptic
ulcers. The coefﬁcient for MVHswas716.20 US$ (95% CI,e1084.30
to 348.20 US$; p < 0.001), while that for HVHs was 1393.0 US$
(95% CI, e1793.3 to 992.7 US$; p < 0.001; Table 3).4. Discussion
We conducted the present study to investigate the relationship
between hospital volume and outcomes of elderly Japanese pa-
tients with hemorrhagic peptic ulcers using a Japanese adminis-
trative database. Our results showed that higher hospital volume
was signiﬁcantly associated with a shorter LOS and lower medical
costs during hospitalization. However, there was no signiﬁcant ef-
fect of hospital volume on mortality.
TheWorld Health Report has highlighted the acceleration in the
growth of the aging population worldwide, and dramatic increases
in the number of elderly people have been noted inmany countries.
The increasing life expectancy and aging population will inevitably
lead to a growing number of elderly patients inmany countries10. In
addition, a recent report revealed that the main predictor for in-
hospital mortality in medical wards was an advanced age of more
than 80 years11. Therefore, we focused on elderly patients to
investigate the effect of hospital volume on the outcomes of hem-
orrhagic peptic ulcers. In particular, the evaluation of medical
economic factors such as LOS and medical costs is increasingly
important because many countries expect a signiﬁcant medical
economic burden associated with the management of older pa-
tients12,13. Thus, determining the effect of hospital volume on
outcomes of patients with disease will be essential for targeting
future quality-improvement efforts for elderly patients.
The present study revealed no signiﬁcant difference in mortality
between different hospital volumes. Our results on the relationship
between hospital volume and in-hospital mortality are inconsistent
with those of previous studies in some developed countries14,15. In
a cohort study in the United States, Ananthakrishnan et al14 re-
ported that higher-volume hospitals had signiﬁcantly lower in-
hospital mortality rates (OR, 0.85; 95% CI, 0.74e0.98). In a retro-
spective study from Hungary, Racz et al15 similarly showed lower
mortality rates among higher-volume hospitals than among lower-
volume hospitals (2.7% vs. 4.3%; p ¼ 0.023). The precise reasons for
the discrepancy between our results and those of previous studies
remain unclear; however, the widespread dissemination of
appropriate management protocols for hemorrhagic peptic ulcers
may be associated with the obtained results.Table 3
Multiple linear regression analysis on length of stay and medical costs.
Coefﬁcienta 95% CI p
Length of stay (d)
LVH Reference
MVH 2.46 3.37 to 1.55 <0.001
HVH 5.02 6.04 to 4.01 <0.001
Medical costs (US$)
LVH Reference
MVH 716.20 1084.30 to 348.20 <0.001
HVH 1393.00 1793.30 to 992.70 <0.001
CI ¼ conﬁdence interval; HVH ¼ high-volume hospitals; LVH ¼ low-volume hos-
pital; MVH ¼ medium-volume hospital; US ¼ United States.
a The coefﬁcient ratios are adjusted for the propensity score and hospital
characteristics.A recent study found no signiﬁcant difference in the frequency
of recurrent bleeding after endoscopic hemostasis for the treat-
ment of hemorrhagic peptic ulcers16. Furthermore, equivalent
outcomes in parameters such as in-hospital mortality and LOSwere
observed in teaching hospitals and in nonteaching hospitals. Jairath
et al17 reported a much lower mortality rate among patients with
nonvariceal upper gastrointestinal bleeding in Japan than in other
developed countries. Therefore, the widespread distribution of
experienced endoscopists or application of management protocols
enables safe and effective treatment for hemorrhagic peptic ulcers
in many hospitals, and may obscure any effect of hospital volume
on in-hospital mortality in Japan.
However, in the present study, a higher hospital volume was
signiﬁcantly associated with a shorter LOS and lower medical costs
during hospitalization in elderly patients with hemorrhagic peptic
ulcers. Several factors may contribute to this association. Some
previous studies have suggested that higher-volume hospitals have
many experienced and specially trained physicians in various ﬁelds
of medicine; specialized teams are generally present at hospitals
with large case volumes and can providemultidisciplinary care that
signiﬁcantly contributes to improved clinical outcomes4e6,10.
Several studies have also indicated that the presence of specialized
physicians and teams is beneﬁcial for favorable clinical outcomes of
elderly patients with certain diseases18. Nearly one-half of patients
in the present study had a comorbid disease. Close coordination
among physicians in various ﬁelds may be associated with effective
management of comorbid conditions of patients. In addition, many
previous reports have shown that hospitals with large case volumes
have greater availability of resources or treatment facilities for
patients4e6,10. Therefore, several factors such as the presence of
specialized physicians and teams and available resources favorably
inﬂuence the management of comorbid disease or complications in
elderly patients with hemorrhagic peptic ulcers. This factor leads to
a shorter LOS at higher-volume hospitals. In addition, the frequency
of blood transfusion was higher in LVHs, whereas the frequency of
salvage surgery was slightly higher in HVHs in this study. These
results suggest that elderly patients in some LVHs may depend
strongly onmedical treatments instead of surgical or interventional
treatments for the recurrence of refractory bleeding of peptic ul-
cers. Thus, differences in treatment plans among hospitals may also
affect the LOS of elderly patients with hemorrhagic peptic ulcers.
Furthermore, it is reasonable to suppose that medical costs
decrease as the LOS decreases. It is therefore plausible that hospi-
tals with larger case volumes have shorter LOS and lower medical
costs during hospitalization than do lower-volume hospitals.
A major strength of the present study is that clinical data were
used. A beneﬁt of a national database is that it enables the evalu-
ation of a large number of hospitals in an unbiasedmanner10,16. Our
investigation involved a nationally representative sample of elderly
patients with hemorrhagic peptic ulcer disease at the population
level. Detailed medical data such as all procedures, medications,
and devices used in treatment are extensively coded with the
original Japanese payment codes10,16. These data are recorded on a
daily basis for each patient. Therefore, this administrative database
also enables interested parties to evaluate the outcomes of indi-
vidual medical treatments.
Some potential limitations of this study also warrant mention.
First, the datawere obtained only fromDPC-participating hospitals.
This administrative database does not include data from all hos-
pitals in Japan. Therefore, data from hospitals that do not partici-
pate in the DPC should be analyzed to conﬁrm our ﬁndings. Second,
this administrative database does not include endoscopic imaging
data (e.g., lesion size or Forrest classiﬁcation of endoscopic stigmata
of hemorrhage) or laboratory test data (e.g., hemoglobin, creati-
nine, or blood urea nitrogen level). In addition, we have no data
A. Murata et al.10regarding the time from admission to endoscopic treatment or the
difference in the level of endoscopic equipment or modalities.
These factors may have introduced bias into our evaluation of
outcomes of patients with hemorrhagic peptic ulcers. Therefore,
further clinical studies of the effect of hospital volume on the
outcomes of patients with hemorrhagic peptic ulcers may be
required and take into account more detailed data.
Despite these limitations, the current study has implications for
healthcare policy decision-making and quality of patient care. The
current study conﬁrmed that hospital volume signiﬁcantly inﬁuen-
ces LOS and medical costs during hospitalization of elderly patients
with hemorrhagic peptic ulcers. Therefore, the centralization of
elderly patients with hemorrhagic peptic ulcersdin particular, pa-
tients with comorbid conditionsdcould be a quality-improvement
initiative in Japan. The current ﬁndings provide good evidence sup-
porting the attempt to steer elderly patients with gastric cancer to-
ward hospitals that have shorter LOS or lower medical costs during
hospitalization. If these health policies can be implemented in Japan,
the qualityof care for elderly patientswithhemorrhagic peptic ulcers
will be maintained while the LOS or medical costs during hospitali-
zation will be lowered. Therefore, consecutive monitoring of the
outcomes of elderly patients in higher-volume hospitals may
contribute to changes inpatient referral policies in Japan. In addition,
the relationship between hospital volume and the outcomes of pa-
tients with bleeding peptic ulcers may not necessarily be applicable
to younger patients. Further research examining the association be-
tweenhospitalvolumeandoutcomesof youngerpatients shouldalso
be conducted in the future.
5. Conclusion
This study demonstrated that a higher hospital volume is
signiﬁcantly associated with a shorter LOS and lower medical costs
during hospitalization, while no signiﬁcant difference in mortality
was observed between hospital volumes. Consecutive monitoring
of outcomes for elderly patients in HVHsmay contribute to changes
in patient referral policies in Japan.
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